The ostracod associations of the Lower Pleistocene sedimentary succession cropping out at Serra San Biagio (Catania, Sicily NE) have been investigated. The ostracod fauna from nine samples is poorly diversified but well-preserved: A total of forty taxa of ostracods have been identified, thirtythree at specific level and seven at genus level or doubtful species. Thirty species are considered as constituents of the in situ original assemblages. The associations consist almost exclusively of bathyal taxa such as Bythocypris obtusata (SARS), Anchistrocheles antemacella MADDOCKS, Henryhowella ex H. hirta (COSTA) group, Quasibuntonia radiatopora (SEGUENZA), Retibythere (Bathybythere) scaberrima (BRADY) and Bathycythere vansraateni SISSINGH. Also the Krithe group is well-represented with Krithe compressa (SEGUENZA) and K. pernoides (BORNEMANN). Almost all species, some, particularly interesting from the palaeoecological and palaeogeographical point of view, have been here described, illustrated and commented on, including a species belonging to the genus Cytherella JONES, 1849, found in all samples of the section, which is here proposed as new.
Introduction
Bathyal Plio-Pleistocene sediments crop out widely in Sicily. Only some of their ostracod associations have been so far studied in detailed, namely those of the "Trubi" and blue clay outcrops at Mont St. Nicola (AIELLO et al., 2000) , those of "Trubi" of Capo Rossello (AIELLO & BARRA, 2001 ) and those of Plio-Pleistocene sediments of Capo Milazzo (SCIUTO, 2014, inter alias) , Furnari (SCIUTO & ROSSO, 2008) and Centuripe .
Quaternary sediments occur also on the slopes of the Mount Etna, particularly along his Ionian side, where they crop out discontinuously at different heights above the presentday sea level. This area is located in a complex geological and geodynamic context just at the contact between the volcanic products of the Mount Etna to the South and the thrust front of the Kabylo -Calabride Units to the North. Environments and palaeo-environments are strongly controlled by active tectonics (Fig. 1 ).
Figure 1: Tectonic scheme of the central Mediterranean area with the site of the study area. 1 = Corsica -Sardinia; 2= Calabrian Arc, Kabylians and "Internal" Flysch sequence ophiolites; 3 = Maghrebian-Sicilian-Southern Apennine nappes and deformed foreland; 4 = foreland and mildly folded foreland (Tunisia, Hyblean plateau, Apulia); 5 = areas with superimposed extension; 6 = Plio-Quaternary volcanoes; * = studied area (after CATALANO et al., 1996) .
The Quaternary sediments, were deposited unconformably on the Apennine-Maghrebian units during the Plio-Pleistocene (LANZAFAME et al., 1999) and, in their turn, constitute the substratum for lava flows of the Etna volcano (CRISTOFOLINI et al., 1979) , Holocene lava debris and alluvial deposits. Quaternary marine sediments have greatly variable thickness (LANZAFA-ME et al., 1999) and generally consist of calcarenites grading upward to clays and sandy silts. The clays are known as "argille grigio-azzurre" formation and crop out discontinuously in Acitrezza, Vambolieri, Ficarazzi, Nizzeti, Cannizzaro, Vena, Santa Venera, Poggio Cibali and Catira areas, below the Mount Etna lavas.
Several authors of the nineteenth and twentieth centuries have analyzed the invertebrate faunas of the blue clays from these localities located in the hills near Catania; one of the first was ARADAS, whose mollusc collection from the Nizzeti clays, was described and published by LYELL (1858); posteriorly SCALIA (1900) inter alias, based on the molluscan fauna, referred these sediments to the "Post Pliocene" or Piacenziano auct. (DE FIORE, unpublished data) . Recently, the mollusc faunas of the Monte Vamboleri have been analysed by DI GERONIMO (2000, and unpublished data) who highlighted that the numerous Early Pleistocene mollusc species identified presumably lived in bathyal environments located at depths exceeding 400 meters. Microfaunas from thee sediments cropping out at Mt. Catira were analysed by SE-GUENZA (1862).
The same Pleistocene sedimentary succession is also well exposed norhwards of the Acitrezza area, along the Ionian coast of Mount Etna, near Fiumefreddo, on Serra San Biagio hill, along the right side of the Torrente Minissale (Fig. 1) . In this locality the Pleistocene sedimentary succession cropping out with a thickness of about 80 m includes both the calcarenites and the clays. The age of these sediments has been referred to the Early-Middle Pleistocene by LANZAFAME et al. (1999) , whereas DI STEFANO & BRANCA (2002) suggest a time interval between the Sicilian and the Ionian Stage (MNN 19e and MNN 19f zones) . There are no recent publications on the ostracod fauna coming from the "argille grigio azzurre" out cropping along the Jonian side of the Mout Etna, located in a complex geological context characterized by intense active tectonics (CATALANO et al., 1996) . Therefore, a study of ostracod associations from the Pleistocene sediments cropping out at Serra San Biagio hill (Fiumefreddo, Catania) was undertaken, as part of a program on systematic, stratigraphic and palaeoecological study of fossil (SCIUTO, 2003 (SCIUTO, , 2005 SCIUTO & ROSSO, 2008, inter alias) and Recent (SCIUTO, 2014; ROSSO et al., 2010) bathyal faunas. The results are given in the present paper.
Materials and methods
The study of ostracod associations focuses on the sandy-silty sedimentary succession, six metres thick, cropping in a quarry on the Serra San Biagio hill, along the right side of the Torrente Minissale (Tav. Fiumefreddo, F. 262, II NO; 37°48'17.52"N 15°13'35.38"E) , near the village of Fiumefreddo (CT) (Figs. 2 -3 ).
Nine samples collected along the quarry were analysed . Ostracods were studied from 300 cm 3 samples. The sediments were routinely washed and ostracod specimens picked up from the > 63 microns fraction. The specimens were examined and measured under a stereomicroscope and photographed by a LMU Tescan Vega II Scanning Electron Microscope.
The presence of carapaces and valves is indicated in Table 1 . The presence of juvenile valves was also recorded. Distinction between autochthonous and allochthonous specimens was defined on the basis of the knowledge of the ecological distribution of species, ontogenetic structure, taphonomic features and palaeoecological inferences (cf. SCIUTO, 2003; SCIUTO et al., 2003) .
Species have been grouped based on their distribution in the context of the benthic zones (GUERNET & LETHIERS, 1989; MONTENEGRO et al., 1998; SMITH & HORNE, 2002, inter alias) : species restricted to the bathyal zone (bathyal group); species typically found from the deepest outer shelf (circalittoral zone) to the bathyal (shelf edge-bathyal group); species ranging from the shallow circalittoral zone to the bathyal (circalittoral-bathyal group) and widely distributed species (ubiquitous group). (after DE GUIDI et al., 2014) . * studied area.
The material is housed in the Paleontological Museum of Catania University. The repository number of Holotype, Paratypes and figured specimens is given in the systematic accounts.
Results
The examined sediments are mainly terrigenous and their texture falls within silts and very fine sands. The carbonate component is very slight and consists predominantly of foraminifera tests, ostracods and rare molluscs (Fig. 5) .
A total of forty ostracod taxa have been identified, thirty at specific level and ten at genericlevel or doubtful species (Table 1) . Thirty species are considered as constituents of the in situ original assemblages. The remaining taxa are rare everywhere, and includ Aurila, Celtia and Urocythereis species. They were considered displaced and constitute the allochthonous component of the fauna. Among all the species found along the stratigraphic section, some particularly significant from the palaeoecological point of view are described, commented and figured below. Furthermore, a species belonging to the genus Cytherella JONES, 1849, found in all the samples, is here proposed as new. Derivatio nominis: from the name Carmela, my mother.
Systematics
Material: eight right valves and nine left valves from samples 1 and 2. Diagnosis: Cytherella carmela n. sp. is characterized by a large bottleneck in the median part of the carapace and by prominent and acute spines in the posterior area.
Description:
Carapace medium-sized, which shows, in lateral view, the typical shape of the genus (Pl. 1, figs. A-E). Anterior and posterior margins regularly arched. Dorsal margin concave toward the front, ventral margin slightly convex.
In dorsal view the central part of the carapace is characteristically skimmed (compressed) (Pl. 1, fig. E ), posterior area with rounded margin more inflated than the anterior; anterior margin slightly acute.
Outer surface ornamented by numerous tiny papillae distributed especially around the central part to form a thin festooned structure (Pl. 1, figs. A-C, G). In the anterior margin the papillae form some curved lines parallel to the outer margin (Pl. 1, fig. G ). In the posterior area the papillae become progressively thicker towards the outer rim, been replaced by acute and ribbed spines (Pl. 1, fig. F 
Remarks:
In lateral view the specimens of Serra S. Biagio (Pl. 1) show general morphologic features similar to C. robusta COLALONGO & PASINI, 1980 [particularly to the specimen from the Pleistocene of the Vrica section, figured by COLALONGO & PASINI (1980, Pl. 6, fig. 4) , and the specimen figured by AIELLO et al. (1996: Pl. 2, fig. 9 )]. Nevertheless, the posterior area is characterised by a different ornamentation. Indeed in C. robusta the ornamentation in the posterior area consists of simple and stumpy papillae or tubercles. Conversely in C. carmela n. sp. prominent and acute, in some cases sometimes ribbed (Pl. 1, fig. F fig. 3i ) and fit well within the genus Bairdoppilata. In the Recent this species has a wide ecological distribution. In the Mediterranean it is reported from 50 m wd down to the Bathyal Zone (BONADUCE et al., 1983) and in the Atlantic from 1245 m wd. Bairdoppilata subdeltoidea var. conformis is also known as fossil from Plio-Pleistocene sediments deposited in bathyal environments such as those of the Monte San Nicola section (AIELLO et al., 2000) , the Vrica section (COLALONGO & PASINI, 1980) and the Capo Milazzo area (SCIU- TO, 2014 B. obtusata has been reported from the Recent in the Atlantic-Mediterranean Region between 600 and 2669 m wd (BONADUCE et al., 1983) , particularly at 300 m wd in the Gulf of Naples (BONADUCE & PUGLIESE, 1979) , between 145 and 165 m wd off Norwegian and British coasts (SARS, 1928) and between 150 and 2905 m in localities of the Mediterranean Sea (PURI et al., 1969) .
Fossils records of this species are from sediments referable to bathyal environments including the Tyrrhenian Sea (COLALONGO et al., 1988 (COLALONGO et al., , 1990 , Le Castella section (COLALONGO, 1965 ), Capo Milazzo (SCIUTO, 2003 , Furnari (SCIUTO & ROSSO, 2008) and the Vrica section (COLALONGO & PASINI, 1980) . The stratigraphic range of B. obtusata is from the Miocene (BONADUCE & RUSSO, 1985; SISSINGH, 1972) to the Recent. The Serra S. Biagio specimens are very similar to those figured by COLALONGO & PASINI (1980) in pl. 30, figs. 9-10. In particular, the H/L ratio is roughly comparable and is diagnostic to distinguish the specimens of A. antemacella from A. interrupta, described and figured by AIELLO et al. (1996) , and from A. tenera (BREMAN, 1975) .
Genus
This species is so far unkown as living from the Mediterranean Sea. The stratigraphic range entirely covers the Pleistocene as A. antemacella has been reported from bathyal sediments of the Vrica section (COLALONGO & PASINI, 1980) , from the ODP LEG 107, Site 654, in the Tyrrhenian sea (COLALONGO et al., 1990) and from Monasterace (GRECO et al., 1974) . This species has been also found subfossil in the Mozambico Channel in submerged sediments deeper than 1800 m wd (MADDOCKS, 1969 M. arcuata is reported as living from the northeastern Atlantic Ocean at 1491-1500 m wd (MADDOCKS, 1990) . Fossils of this species are known from bathyal sediments of Le Castella (COLALONGO, 1965) , the Vrica Section (COLA- LONGO & PASINI, 1980) and from the Porcupine Basin at 700-750m wd (COLES et al., 1996) This species is known as fossil in the Mediterranean basin from the Upper Pliocene to the Lower Pleistocene . In the Australian continental slope valves of K. perpulchra were found at depths of 759, 773 and 1321 m (AYRESS et al., 1999 In the Mediterranean area this species is known only as fossil. In the Holocene of North Atlantic it is known between 1200 to 4000 m wd (COLES et al., 1994) . In subpolar North Atlantic Ocean this species has been reported from MIS 6 up to the Lower Holocene (ALVAREZ ZARIKIAN, 2009 This species is not known as living in the Mediterranean Sea. In the Holocene, valves of K. compressa have been reported from the Tasman Sea and from off southern Australia at water depths ranging from 759 to 3281 m (AYRESS et al., 1999) . K. compressa is distributed from the Miocene to the Quaternary in North Atlantic (COLES et al., 1994) and from the Miocene to the Pleistocene in the Mediterranean basin (AIELLO et al., 2000) .
Family Trachyleberididae SYLVESTER-BRADLEY, 1948
Genus Quasibuntonia RUGGIERI, 1958 GUERNET (2005) considered this subspecies as a simple morphological variant of Q. radiatopora (SEGUENZA), because differences between the two subspecies are minimal and, above all, because the two morphotypes are commonly found associated. Here, following RUGGIERI (1954 RUGGIERI ( , 1958 , the distinction between the two subspecies is maintained based on the presence or absence of the ornamentation in the anterior part of the carapace, that cannot be considered minimal. The genus Quasibuntonia (SEGUENZA) is known as a bathyal taxon (RUGGIERI, 1958) , and Q. radiatopora was reported among the psychrospheric ostracods by BENSON (1972 BENSON ( , 1973 . The species is known from the Lower Pliocene (RUGGIERI, 1954 (RUGGIERI, , 1958 to the Lower Pleistocene (COLALONGO & PASINI, 1988) and commonly reported from bathyal sediments of the Mediterranean Basin. At Serra San Biagio this species is common all along the section. In the Recent Q. radiatopora has benn recorded from between 600 and 2669 m wd in the Atlantic Ocean.
Genus Bathycythere SISSINGH, 1971
Type species: Bathycythere vanstraateni SISSINGH, 1971 Bathycythere vanstraateni SISSINGH, 1971
B. vanstraateni is listed among the abyssal ostracods living in the Atlantic Ocean. It seems to be extinct in the Recent Mediterranean, from where it is known as fossil at shallower depths (HARTEN, 1990) . In the study on the Vrica section, B. vanstraateni is reported among psychrospheric ostracods by PASINI & COLALONGO (1997) . In the Adriatic Sea BREMAN (1975) found this species in sediments of the Upper Pleistocene including the Allerød and the Younger Dryas climatic stages. In the Santa Maria di Leuca Coral Province this species is poorly represented and it seems restricted to the Framework Corals facies (FC) and to hardground fragments colonized by solitary coral growths at 775 m wd (SCIUTO & ROSSO, 2015) . According to COLALONGO et al. (1990) , in Hole 654 A (Tyrrhenian Sea), the last occurrence of B. vanstraateni occurs within the Glacial Pleistocene above the Pseudoemiliania lacunosa LAD, therefore the specimens of BREMAN (1975) in the Adriatic sea have been reworked. According to HARTEN & DROSTE (1988) this species, as well as Krithe monosteracensis and Macropyxis adriatica, disappeared from the eastern Mediterranean about 9 Ka ago following an anoxic event related to sapropel deposition. According to MONCHARMONT-ZEI et al. (1985) Bathycythere vanstraateni and Macropyxis adriatica are cold-climatic markers.
Family Bythocytheridae SARS, 1866
Genus Retibythere SCHORNIKOV, 1981
Subgenus Bathybythere

SCHORNIKOV, 1987
Type species: Retibythere (Bathybythere) scaberrima (BRADY, 1887) Retibythere ( This species is extinct in the modern Mediterranean Sea but it is considered a characteristic Mediterranean psycsthrospheric ostracod from Miocene to the Early Pleistocene (Early Calabrian, Santernian age, with the first appearance of Hyalinea balthica) (BENSON, 1972) . Pleistocene findings include Le Castella section (COLALONGO, 1965) , Vrica section (COLALONGO & PASINI, 1980) , Monte S. Nicola section (AIELLO et al., 2000) and Capo Milazzo (SCIUTO, 2005 (SCIUTO, , 2014 . WHATLEY & AYRESS (1988) found this species in the Quaternary of Atlantic, Indian and Pacific Oceans and in the Holocene of the NE Atlantic Ocean.
According to CRONIN et al. (2002) , Retibythere scaberrima could be a relatively warm water-bathyal species characteristic of the post glacial period in Late Quaternary Arctic Ocean. The occurrence of this species would be allowed by an increase of the thermohaline circulation in the Nordic seas and an influx of warmer Atlantic deep water into the Arctic Ocean.
Discussion and conclusions
Palaeobiogeography
The nine samples analyzed from the Pleistocene section of the Serra S. Biagio quarry showed very similar ostracod associations. In all samples, the ostracod allochthonous component is very scarce, both in terms of abundance and species richness. The studied samples include a Pleistocene ostracod association that, in addition to a strong bathyal affinity, shows a remarkable Atlantic and/or oceanic affinity as well. Today, indeed, some of the species found have an Atlantic -Mediterranean distribution; they are Bairdoppilata conformis, Bythocypris obtusata, Argilloecia acuminata, Pseudocythere caudata, Henryhowella hirta. Other species, on the other hand, are no longer reported in the Recent of the Mediterranean Sea, and presently have either an Atlantic distribution (Cytherella carmela n. sp., Krithe aequabilis, Bathycythere vanstraateni, Quasibuntonia radiatopora, Retibythere (Bathybythere) scaberrima, Macrocyprissa arcuata) or an even wider (Atlantic-Pacific, Indo-Pacific) distribution (Krithe perpulchra, K. marialuisae, K. compressa, Macrosarisa bensoni, Anchistrocheles antemacella) .
The data related to the Atlantic provenance ostracods are in agreement with the general trend of the invertebrate Mediterranean faunas during the Pliocene and the Pleistocene. According to BARRIER et al. (1989) , DI GERONIMO et al. (1996) , and ROSSO & DI GERONIMO (1998) , there was a progressive establishment of invertebrate taxa of Atlantic provenance in the Mediterranean basin. This is allegedly presented as a consequence of the temperature lowering during the Pleistocene cold periods. However, how did the passage of the benthic fauna from the Atlantic to the Mediterranean happen and why have the deep-Mediterranean waters become so cold (4°C) are still a matter of controversy. The assessment of the only area where the Atlantic Ocean and the Mediterranean waters come into contact might therefore shed some new light on the issue.
According to BENSON (1972 ), BARRIER et al. (1989 ), and DI GERONIMO et al. (1996 , during the Pliocene, the threshold at Gibraltar was deeper than today due to the raising of the sea level (or even the absence of a real threshold at Gibraltar). This allowed the Mediterranean to be widely connected to the Atlantic and its deepwater masses to participate in the global oceanic circulation with the development of a psychrosphera with water temperature ranging between 4°C and 6°C in more than 1000 m depth. Deep and cold waters of polar origin, coming from the Atlantic (GUERNET, 2005, inter alias) and entering the deep Mediterranean, allowed its colonization by some stenotermic and stenobathic taxa of Atlantic origin. This scheme explains the presence of psychrospheric taxa, such as Agrenocythere pliocenica, Quasibuntonia radiatopora, Krithe undecimradiata and Retibythere (Bathybythere) scaberrima in deep-water Pliocene sediments.
According to EMIG & GEISTDOERFER (2004, 2008) , during the Pleistocene the depth of the Mediterranean Sea was comparable to that of the present-day, the threshold at Gibraltar was located at about 300 m wd, and this prevented or limited the entry of the deep benthic faunas of Atlantic origin. Furthermore, during this time interval, benthic faunas were affected by Quaternary climatic fluctuations (BARRIER et al., 1989; DI GERONIMO et al., 1997) . The migration of the Atlantic species in the Mediterranean basin was mainly determined by the change of the current system between the Atlantic Ocean and the Mediterranean Sea across the Strait of Gibraltar.
During glacial period, the Atlantic borealarctic cold stenothermic taxa both eurybathic and stenobathic (shelf taxa), such as Cytheropteron testudo and other Northern Guests colonized the Mediterranean basin (FARANDA & GLIOZZI, 2011) , while the psychrospheric, deeper-cold taxa either disappeared, as Agrenocythere pliocenica, or remained as residual faunas, as it is possibly the case for Bathycythere vanstraateni (GUERNET, 2005) . Presently, psychrospheric Atlantic waters cannot enter in the Mediterranean basin because the Gibraltar threshold is too shallow (HARTEN, 1984) . This causes the disappearance of psychrospheric and bathyal stenothermic taxa from the Mediterranean Sea.
According to MARSILI's study of the bathyal sharks of Serra san Biagio (2007) , this palaeogeographic pattern can be extended to the bathyal Pleistocene vertebrate fauna.
Palaeodepth
This autochthonous association is significantly indicative of bathyal environments, although species that show a wide depth range are present. This datum is also supported by the presence of the Krithe group, one of the most common deep-sea taxa in the open ocean, and one that also occurs in abyssal assemblages (BENSON, 1978; ALVAREZ ZARIKIAN, 2009, inter alias) . According to BENSON (1984) , the association structure shows features that are typical of bathyal environments, being constituted by few dominant species accompanied by many scarcely represented species. The similarities between the Serra S. Biagio ostracod fauna and the Monasterace ostracod fauna studied by GRECO et al. (1974) are particularly interesting. In fact, the species reported from both localities (Retibythere (Bathybythere) scaberrima, Quasibuntonia radiatopora, Anchistrocheles antemacella, Bathycythere vanstraateni and Krithe undecimradiata) are extremely significant from an ecological point of view and point to a paleodepth deeper than 800 m. Therefore, studied associations testify a sedimentary paleobasin with typically oceanic paleo-environmental conditions, characterized by very low temperatures, and located in the Bathyal Zone, approximately at a depth of about a thousand metres. Consequently, Cytherella carmela n.sp. can be considered as a bathyal stenothermic taxon of Atlantic affinity and it is expected that further findings will confirm this assumption.
This datum agrees with the sedimentation depth of the Pleistocene sediments cropping out in the Strait of Messina area that, while belonging to different palaeoenvironmental domains, contain a rich bathyal association of Atlantic affinity invertebrates (BARRIER et al., 1989; DI GERONIMO, 1995) . 
Stratigraphic remarks
